This study investigated the effect of green tea (GT) on short and long term declarative memory and oxidative damage induced by transient ischemia-reperfusion (IR) and intracerebral hemorrhage (ICH) in rats. Male Wistar rats were divided into 8 groups of 10 according the stroke type induced: Sham IR, Sham IR + GT, IR, IR + GT, Sham ICH, Sham ICH + GT, ICH, ICH + GT. Supplementation with GT was initiated 10 days before stroke surgery and continuous for 6 days after (GT dose 400 mg/kg). Short (STM) and long term memory (LTM) we evaluated with object recognition task (OR) and hippocampus were used to evaluate parameters related to oxidative stress (ROS, lipid peroxidation and total antioxidant capacity). The rats subjected to IR and ICH showed STM and LTM deficits and GT intervention prevented it in both stroke models. IR and ICH induced increase on ROS levels in hippocampus. ICH increased the lipid peroxidation in hippocampus and the GT supplementation avoided it. IR induced decrease on total antioxidant capacity and GT prevented it. These results reveal that GT supplementation presents a neuroprotective role, attenuates redox imbalance and might have a beneficial impact on cognitive function after stroke.
Introduction
According to the American Heart Association, cerebrovascular incidents are classified into two types -ischemic and hemorrhagic stroke. Together, these incidents are the leading cause of long-term disability and significant decrease in health and quality of life (Hinson et al., 2010) . Ischemia-reperfusion (IR) accounts for 87 percent of all stroke cases (Association, 2012) and results from temporary or permanent reduction of cerebral blood flow (Choudhury and Ding, 2016; Rodriguez et al., 2014) . Intracerebral hemorrhage (ICH) has lower incidence, but its consequences are more severe, causing high rates of mortality and morbidity (Hwang et al., 2013) .
Stroke is a complex neurological syndrome defined as a sudden disturbance in the blood supply to the brain caused by IR or ICH, leading to functional and structural damage to the brain (Cheon, 2015; Jayaram et al., 2012) . The two types of stroke have different pathophysiology but share some common mechanisms of secondary damage, such as increased oxidative stress and decreased antioxidant abilities, acute inflammatory response, excitotoxicity and apoptosis (Cai et al., 2015; Hadadha et al., 2015; Ritz et al., 2008; Zhang et al., 2015) .
Ischemic stroke events result from suppression of blood flow to the brain, which decreases oxygen and glucose delivery to brain tissue (Zamani et al., 2013) , causing metabolic and functional damage (Mestriner et al., 2013) . During the ischemia, various pathogenic mechanisms could contribute to damage, including the energetic failure (glucose) (Abramov et al., 2007) , the increase of intracellular calcium levels, the excitotoxity (Allen and Bayraktutan, 2009; Taniguchi et al., 2000) , the generation of free radicals (Allen and Bayraktutan, 2009; Sosa et al., 2015) , the disfunction of the blood-brain barrier, and the inflammation and the edema (Allen and Bayraktutan, 2009) .
ICH results from ruptures of blood vessels within the brain and leakage of blood constituents into the brain parenchyma. Intraparenchymal blood deposited during ICH elicits a host of biologic responses, including increase on iron concentrations, overproduction of oxidative stress, pro-inflammatory responses, cell death, and neurologic damage (Aronowski and Zhao, 2011; Zhou et al., 2014; Wang and Dore, 2007) .
Previous studies have shown that both IR and ICH cause memory deficits in rats and humans (Pendlebury and Rothwell, 2009; Xiong et al., 2016) . The hippocampus' role in cognitive functions, such as learning and memory, was very well demonstrated (Izquierdo and Medina, 1997) , and this brain region is very sensitive to oxidative stress caused by several kinds of brain injury (Mergenthaler et al., 2013) . Therefore, therapies that have a potential antioxidant effect and contribute to ameliorating brain function, including learning and memory performance, has been shown as a good approach for treating damage caused by IR and ICH.
Green tea (GT), derived from Camellia sinensis, has a high flavonoid content, especially of the catechin (−)-epigallocatechin-3-gallate (EGCG). Many studies have reported that EGCG is beneficial to health, considering its antioxidant (Assunção et al., 2010; Hsu et al., 2014) , anti-inflammatory (Lee et al., 2013) , anticancer (Singh et al., 2011) , anti-diabetes (Tang et al., 2013) and anti-hypertensive activity (Bogdanski et al., 2012) . Considering that EGCG is the catechin found in the highest concentration in green tea and that green tea can be easily purchased by the general population, some authors have studied the neuroprotective effects of the administration of a green tea mixture rather than of the isolated catechin. Many such studies have reported that the administration of green tea has a neuroprotective role in models of ischemic stroke, which is attributed to its antioxidant and free radical scavenging activities (Hong et al., 2000; Wu et al., 2012) . Recently, our group demonstrated that long-term (8 weeks) administration of green tea can prevent various memory deficits induced by IR in rats (Schimidt et al., 2014) .
Considering these previous results, the present study has been designed to verify whether (i) the neuroprotective effect of green tea in stroke could be observed with a shorter period of tea administration; (ii) the neuroprotective effect of green tea could ameliorate the shortand long-term recognition memory deficits induced by stroke; (iii) the neuroprotective effect of green tea could ameliorate the hippocampal oxidative stress induced by stroke; and (iv) the neuroprotective effect of green tea previously observed in ischemic stroke models could be observed in a hemorrhagic stroke model.
Materials and methods

Animals and experimental design
Eighty male Wistar rats (250-300 g, 3 months of age) obtained from the Reproduction Center of the Central Vivarium of Federal University of Santa Maria (RS, Brazil) were used. All animals were housed four per cage at a temperature of 22 ± 1°C with a regular 12 h light-dark cycle and free access to water and food, according to the guidelines established by the university's Institutional Animal Care and Use Committee (Protocol approval #034/2014).
Since the aim of this study was to investigate the effects of green tea on memory deficits induced by two different types of stroke (ischemic and hemorrhagic) on memory, previously to memory evaluation the rats were divided into eight experimental groups according to the type of stroke induced and the treatment (n = 10/group):
(1) Sham Ischemic Stroke: Rats submitted to surgery without carotid artery occlusion; (2) Green Tea + Sham Ischemic Stroke: Rats treated with green tea and submitted to surgery without carotid artery occlusion; (3) Ischemic Stroke: Rats submitted to surgery with temporary occlusion of the carotid arteries (ischemia-reperfusion); (4) Green tea + Ischemic Stroke: Rats treated with green tea and submitted to surgery with temporary occlusion of the carotid arteries (ischemia-reperfusion); (5) Sham Hemorrhagic Stroke: Rats submitted to stereotaxic surgery without infusion of collagenase onto the hippocampus; (6) Green Tea + Sham Hemorrhagic Stroke: Rats treated with green tea and submitted to stereotaxic surgery without infusion of collagenase onto the hippocampus; (7) Hemorrhagic Stroke: Rats submitted to stereotaxic surgery with infusion of collagenase onto the hippocampus (to induce intracerebral hemorrhage); (8) Green Tea + Hemorrhagic Stroke: Rats treated with green tea and submitted to stereotaxic surgery with infusion of collagenase onto the hippocampus (to induce intracerebral hemorrhage).
Green tea supplementation
Green tea was purchased from Madrugada Alimentos Ltda, Venâncio Aires, RS, Brazil. Green tea made from the leaves of the plant was prepared by infusion daily using distilled water (95-100°C) and was administered at ambient temperature. The green tea or distilled water was administered orally (gavage) once per day for the 10 days before stroke surgery; the administration continued for 6 days after the surgery, while the behavioral tests were performed (Fig. 1) . The dose for all groups that received green tea was established as 400 mg/kg of green tea per day, a dose that is considered equivalent to 400 ml/day of green tea for humans (Xu et al., 2010) .
After preparation, the mixture was analyzed by high-performance liquid chromatography, which ensured the presence of epicatechin (EGC) (1.298 mg/mL), epicatechin gallate (ECG) (1.803 mg/mL) and epigallocatechin gallate (EGCG) (3.688 mg/mL).
Surgeries
Ischemic stroke induction (Transient cerebral ischemia-reperfusion)
Rats from groups 1-4 were anesthetized with ketamine and xylazine, at 75 mg/kg and 10 mg/kg i.p., respectively, and common carotid arteries were exposed bilaterally and carefully separated. Next, the temporary occlusion of the carotid arteries was performed in the rats of groups 3 and 4 using a vascular clip that was removed after 30 min of occlusion (Collino et al., 2006) , and then the neck skin incision was closed and sutured. Sham-operated animals from groups 1 and 2 were treated in a similar manner, except that the common carotid arteries were not occluded. During the surgery, body temperature was maintained at 37 ± 0.5°C by a heating pad until the rats had recovered from anesthesia.
Hemorrhagic stroke induction (Intracerebral hemorrhage)
Rats from groups 5-8 were anesthetized with ketamine and xylazine (i.p., 75 mg/kg and 10 mg/kg, respectively) and placed in a stereotaxic frame. A needle (Hamilton instrument syringe, 5 μl; Hamilton Company USA, Reno, NV, USA) was implanted into the hippocampal region using the following (Paxinos and Watson, 1986) coordinates: 2.2 mm anterior and 2.2 mm lateral to the Bregma, with a depth of 4.2 mm. Distilled water (1 μl) containing 0.2 U collagenase (Type 4; Sigma Chemical Co., St. Louis, MO, USA) was infused over 10 min using pump infusion in the bilateral hippocampus of rats from groups 7 and 8. The needle was left in place for 5 min and then slowly removed (Hwang et al., 2013) . The hole was sealed with a metal screw to ensure the maintenance of the intracranial pressure. Clips were used to close the wound, and lidocaine was used to avoid pain. Sham-operated animals from groups 5 and 6 were treated in a similar manner but without the collagenase infusion. Body temperature was maintained at 37°C during anesthesia with a heating pad.
Control behavioral tests
Tests to verify additional behavioral parameters not directly related to memory, but that could produce behavioral alterations and influence the results of the memory tests used, were performed. These control behavioral tests were made after surgeries, before start memory evaluation.
Neurological deficit scale (NDS)
The NDS consists of a sequence of easy tests that permit the evaluation of the presence of possible neurological and/or motor disorders in rodents. Briefly, the rats were evaluated on: spontaneous circling, hind limb retraction, bilateral forepaw grasp, forelimb flexion, and beam walking. The NDS scale ranged between 0 (no neurological deficit; normal function) to 14 (great impairment; maximum neurological deficiency). We trained the rats on NDS one day before the surgery and tested on the first day after surgery (Warkentin et al., 2010) .
Open field (OF)
The animals were submitted to an open field to evaluate spontaneous locomotor and exploratory activities. The apparatus consisted in an open arena painted white and divided into 12 equal rectangles by black lines; the animal was gently placed in the open field arena for freely exploration for 5 min. During this time the number of crossed lines (crossings) and the number rearings on its hind legs (rearings) were recorded (Bonini et al., 2006) .
Memory tests 2.5.1. Object recognition memory tests
Rats have a tendency to interact more with a novel object than with a familiar object; thus, this tendency has been used to evaluate their learning and memory (Ennaceur and Delacour, 1988) . To perform this test, all animals were habituated to the experimental arena in the absence of any specific behavioral stimulus for 20 min/day during 4 days. The objects to be recognized were made of metal or glass and were fixed to the arena floor with adhesive tape. On the fifth day after habituation (training session), animals were placed in the arena, which contained two different objects (A and B), and were left to explore them freely for 5 min. Short-term memory (STM) was assessed three hours after training, as previously described by (De Lima et al., 2005) , when the animals were exposed for 5 min to the arena containing two objects: a familiar (A) and a new object (C).
The test was repeated 24 h later to evaluate long-term memory (LTM). In the LTM test, one of the objects was removed, and a new object (D) replaced it. Positions of objects (familiar or novel) were randomly permuted for each experimental animal, with the arena always cleaned with 70% alcohol between trials to avoid odor clues. Exploration was defined as sniffing or touching the object with the nose and/or forepaws. Sitting on or turning around the object was not considered as an exploratory behavior. Time spent exploring each object was recorded by an observer blind to the treatment and is expressed as a percentage of total exploration time, computed in seconds (Mello et al., 2009 ).
2.6. Biochemical tests 2.6.1. Tissue preparation For brain tissue preparation, the animals were sacrificed 24 h after the end of the behavioral experiments. The brain was removed, and the bilateral hippocampus was quickly dissected out and homogenized in 50 mM Tris HCl, pH 7.4. Afterwards, samples were centrifuged at 2400g for 20 min, and supernatants (S1) were used for assays. The hippocampus was choose considering that this structure has been postulated to be involved in cognitive functions such as learning and memory and is involved on consolidation of object recognition memory (MelloCarpes et al., 2016; Mello-Carpes and Izquierdo, 2013 ).
Reactive oxygen species (ROS)
Hippocampal ROS content was assessed by a spectrofluorimetric method using 2,7-dichlorofluorescein diacetate (DCFH-DA) as a probe (Loetchutinat et al., 2005) . The samples (S1) were incubated in darkness with 5 μl DCFH-DA (1 mM). The oxidation of DCFH-DA to fluorescent dichlorofluorescein (DCF) is measured for the detection of intracellular ROS. The formation of the oxidized fluorescent derivative (DCF), measured by DCF fluorescence intensity, was recorded at 520 nm (480 nm excitation), 30 min after the addition of DCFH-DA to the medium. Results are expressed as the percentage of control, in AU (arbitrary units).
Detection of the thiobarbituric acid reactive substance (TBARS) level
Hippocampal lipoperoxidation was evaluated using the TBARS test (Ohkawa et al., 1979) . One aliquot of S1 was incubated with a 0.8% thiobarbituric acid solution, acetic acid buffer (pH 3.2) and sodium dodecyl sulfate solution (8%) at 95°C for 2 h, and the color reaction was measured at 532 nm. Results are expressed as nanomoles of malondialdehyde (MDA) per milligram of protein.
Ferric reducing antioxidant potential (FRAP)
Total antioxidant activity in the hippocampus was measured using the FRAP assay with slight modifications (Benzie and Strain, 1996) . Antioxidant capacity was determined as the "ferric reducing antioxidant potential", where the antioxidants present in tissue were evaluated as reducers of Fe +3 to Fe +2 , which is chelated by 2,4,6-Tri-(2-pyridyl)-s-triazine (TPTZ) to form the complex Fe +2 -TPTZ, evaluated using the maximal absorption at 593 nm. An ascorbic acid standard curve was performed, and the results are expressed as the equivalent to micrograms of ascorbic acid.
Statistical analysis
All results are presented as the mean ± S.E.M. The results of the OF test were analyzed using one-way ANOVA. Object recognition memory test results, after converted to the percentage of total exploration time, were analyzed using a one-sample t-test (considering a theoretical mean of 50%). Biochemical results were analyzed by one-way ANOVA followed by Dunńs post hoc test or Student's t-test for specific comparisons. Values of < 0.05 were considered significant.
Results
Treatment and surgery did not affect performance on the control behavioral tests
The ischemic and hemorrhagic stroke models used did not affect locomotor and exploratory activities and further did not promote neurological or motor disorders evaluated using the OF test and NDS, respectively. There were no differences in the numbers of crossings (P > 0.05) and rearings (P > 0.05) between the groups on the OF test (Table 1 -OF). Additionally, no neurological dysfunction was observed on the NDS evaluation performed on the first day after surgery (Table 1 -NDS).
Green tea prevents the short-and long-term deficits in object recognition memory induced by ischemic and hemorrhagic stroke
Rats were submitted to the object recognition memory test to assess short-and long-term object recognition memory. Fig. 2A and B shows the effects of ischemic stroke and green tea on short and long-term memory, respectively. Fig. 2C and D shows the effects of hemorrhagic stroke and green tea on short and long-term memory, respectively.
During the training phase, in all groups the animals spent equal time exploring the two stimulus objects (A and B), with approximately 50% of total exploration time on each one ( Fig. 2A-D/training) .
In the test for STM, 3 h after training, the sham groups (ischemic stroke and hemorrhagic stroke sham groups, 1 and 5, respectively) explored the novel object for more than 50% of the total exploration time (P = 0.0002 and P = 0.0005, respectively, one-sample t-test), which indicates the preservation of memory ( Fig. 2A and C -Test/ Sham). The ischemic and hemorrhagic stroke groups (groups 3 and 7) spent similar amounts of time (approximately 50% of total exploration time) exploring the two objects ( Fig. 2A -Test/Ischemic Stroke and 2C -Test/Hemorrhagic Stroke), which suggests a STM deficit (P = 0.10 and P = 0.62, respectively). Green tea administration prior to the stroke induction was able to prevent the STM deficit: the rats supplemented with green tea and submitted to ischemic or hemorrhagic stroke induction spent more than 50% of the total exploration time on the new object (P = 0.0005, Fig. 2A -Test/GT + Ischemic Stroke; P = 0.002, Fig. 2C -Test/GT + Hemorrhagic Stroke).
Similar results were observed for the long-term memory (LTM) test in the OR task, performed 24 h after training. LTM was impaired in the stroke-induced animals, and the administration of green tea prior to the stroke prevented the LTM deficits. Ischemic and hemorrhage stroke caused memory deficits: the rats spent approximately 50% of the total exploration time exploring each object, both familiar and new (P = 0.41, Fig. 2B -Test/Ischemic Stroke; P = 0.36, Fig. 2D -Test/ Hemorrhagic Stroke). Administration of green tea prior to the stroke prevented the LTM deficit: both the Green Tea + Ischemic Stroke and the Green Tea + Hemorrhagic Stroke groups spent more than 50% of the total exploration time exploring the new object (P = 0.03, Fig. 2B Test/GT + Ischemic Stroke; P = 0.0006, Fig. 2D -Test/G-T + Hemorrhagic Stroke).
Green tea partially prevents the hippocampal oxidative stress induced by ischemic and hemorrhagic stroke
After memory tests, the rats were sacrificed, and the hippocampus was isolated to measure the levels of ROS and TBARS and the total antioxidant capacity. Fig. 3A -C shows the effects of ischemic stroke and green tea on hippocampal oxidative parameters. Fig. 3D and F shows the effects of hemorrhagic stroke and green tea on hippocampal oxidative parameters.
Hippocampal ROS levels in the rats subjected to ischemic or hemorrhagic stroke were higher than in sham-operated rats (P = 0.04 for Ischemic Stroke; P = 0.006 for Hemorrhagic Stroke; Fig. 3A) . Green tea prevented the increase in ROS levels only in the Hemorrhagic Stroke group (P = 0.02, Fig. 3A , Hemorrhagic Stroke vs. GT + Hemorrhagic Stroke).
We did not observe increased lipid peroxidation (TBARS) in ischemic stroke rats (P = 0.25, Fig. 3B ). However, we detected an increase in TBARS after hemorrhagic stroke (P = 0.0006; Fig. 3B ), and this effect was prevented by GT administration (P = 0.0009; Fig. 3B ).
Furthermore, ischemic stroke caused a reduction in hippocampal FRAP, which represents the total antioxidant capacity, when compared to the sham group (P = 0.006; Fig. 3C ). Green tea administration prior to the stroke prevented this decrease (P = 0.03; Fig. 3C , Ischemic vs. GT + Ischemic Stroke group). Hemorrhagic stroke did not cause alterations in hippocampal FRAP (P > 0.05; Fig. 3C ).
Discussion and conclusions
The major finding of this study was that short-term (10 days) oral administration of GT prior to stroke induction prevented deficits in short-and long-term recognition memory and attenuated the oxidative Table 1 Control behavioral tests results. Ischemic and hemorrhagic stroke did not alter locomotor and exploratory activities on Open Field (One-way ANOVA; data expressed as mean ± SEM; n = 8-10 per group) and did not cause neurological dysfunction evaluated by NDS (score 0 mean no neurological deficit). damage in rats submitted to ischemia-reperfusion or intracerebral hemorrhage. Different stroke models have been reported to produce deficits in different types of learning and memory, such as spatial learning and memory (Morris water maze test) (Gordan et al., 2012; Yang et al., 2015) and aversive short-term memory (step-down avoidance test) (Hwang et al., 2013) . Previously, our group also demonstrated that an ischemic event promotes deficits in long-term recognition and aversive memory (Schimidt et al., 2014) . Our present results provide evidence that ischemic stroke also causes deficits in short-term object recognition Fig. 2 . Short and long-term object recognition memory results. Ischemic and hemorrhagic stroke caused deficits in short-term memory (STM) and long-term memory (LTM) in object recognition (OR) task. Green tea supplementation avoids these deficits. A. Animals from groups 1-4 were trained on OR task and tested 3 h later (STM). B. Animals from groups 1-4 were trained on OR task and tested 24 h later (LTM). C. Animals from groups 5-8 were trained on OR task and tested 3 h later (STM). D. Animals from groups 5-8 were trained on OR task and tested 24 h later (LTM). Both ischemic and the hemorrhagic stroke group presented STM and LTM deficits; the groups treated with green tea previously to the stroke induction were able to perform the test correctly. *P < 0.05 in one-sample Student's t-test with theoretical mean = 50%; n = 7-10 per group. memory and that hemorrhagic stroke can promote STM and LTM deficits. The formation of STM and LTM require different biochemical processes in the rat hippocampus (Izquierdo et al., 1999) . For example, AMPA receptors are necessary for both STM and LTM, while increased protein synthesis and gene expression are present only in LTM consolidation (Izquierdo et al., 1998) . Although the STM and LTM systems are separate and differ in some aspects, both depend on the integrity of the hippocampus (Izquierdo et al., 1998) , and studies have found a direct correlation between stroke-induced memory deficits and damage to hippocampal CA1 neurons (Dong et al., 2013; Nayak and Kerr, 2015) . Despite some differences between isquemic and hemorrhagic stroke physiopathology, both promote damage such as increased oxidative stress and decreased antioxidant abilities, as well as acute inflammatory response and excitotoxicity in the affected tissue, and memory disruption would be a likely consequence of such effects in the hippocampus.
As previously reported by our group and others, green tea administration has neuroprotective effects against cognitive dysfunction and neurologic deficits (Chang et al., 2014; Gu et al., 2014; Lee et al., 2013; Schimidt et al., 2014) . These neuroprotective effects are generally attributed mainly to its antioxidant capacity but may also be related to its anti-inflammatory action, PKC activation, inhibition of acetylcholinesterase, and effects on other pathways (Ide and Yamada, 2015) . Furthermore, epidemiological research shows that daily consumption of green tea provides benefits for cognitive function (Ide et al., 2014; Park et al., 2011; Wightman et al., 2012) . Our data show that green tea consumption, for a short period, could prevent deficits into short-and long-term recognition memory in rats submitted to two different types of stroke, consistent with the idea that the compounds in green tea produced beneficial changes in cognitive function. Previous studies demonstrated similar results using compounds isolated from green tea, especially epigallocatechine-3-gallate (EGCG), the predominant constituent of green tea (Gu et al., 2014; Lee et al., 2013; Park et al., 2010) . Although the effects of the individual compounds demonstrate efficacy and have therapeutic potential, we used the tea mixture in order to mimic the consumption of green tea as a daily habit.
The mechanisms involved in the green tea-induced neuroprotection against different types of brain injury are not completely clear. It is known that ischemic and hemorrhagic stroke cause an increase in the production of free radicals and promote oxidative stress (Chang et al., 2014; Wu et al., 2012) , which was observed in this study, as both types of stroke tested here induced increases in ROS levels. Additionally, hemorrhagic stroke promotes increased lipid peroxidation; this oxidative damage was not detected in the ischemic stroke group. Regarding the antioxidant capacity, we only observed a decrease after ischemic stroke. These results reveal that both types of stroke alter the oxidative balance but that their effects differ in intensity and mechanism. ICH promoted oxidative stress and damage without changing the total antioxidant capacity (specific antioxidant systems were not investigated here). On the other hand, IR produced increased ROS levels, no changes to TBARS levels, and decreased antioxidant capacity. The GT was able to prevent the increases in oxidative stress and damage in the hemorrhagic stroke model and the decrease in the antioxidant capacity in the ischemic stroke model. Thus, the brain damage models studied show different changes in hippocampal oxidative status. However, green tea provided effective protection in both cases.
The exact mechanism by which green tea causes this protection remains unclear. The literature indicated that the beneficial effects of tea consumption are mainly due to bioactive components, catechins polyphenol and their derivatives, which have shown to act directly as radical scavengers, iron chelators, and to exert indirect antioxidant effects through activation of transcription factors and antioxidant enzymes, thus modulating the cellular redox state (see review: Mandel et al., 2004 Mandel et al., , 2006 . However, a wealth of data is accumulating and indicating that the antioxidant/metal chelating attributes of catechin polyphenols are unlikely to be the sole explanation for their neuroprotective and neurorescue capacity of GT. Caffeine (1, 3, , which belongs to the group of purine alkaloids, for example, is found in beverages such as coffee and tea (Butt and Sultan, 2011) . Experimental and clinical studies have indicated that chronic caffeine supplementation provides neuroprotective effects against several neurological disorders, including Alzheimer's and Parkinson's diseases by antagonism of adenosine receptors (Maia and de Mendonca, 2002; Xu et al., 2006) . In particular, the neuroprotection afforded by chronic caffeine consumption is mediated by the antagonism of adenosine A2A receptors (for review see Cunha and Agostinho, 2010) . Considering this information, the neuroprotective effect of GT on memory deficits induced by stroke could also be attributed to neurostimulant effect of caffeine.
Considering the importance of the hippocampus to learning and memory, it is plausible that these changes in oxidative status detected after different stroke models are related to the STM and LTM deficits observed in these animals. In the same line, green tea administration prior to stroke prevented the deficits in short-and long-term memory and, although in different ways, influenced the oxidative balance in both types of stroke. We believe that other biomarkers, such as inflammatory markers, must be investigated further, but we are certain that at least part of the neuroprotection provided by green tea is related to its effects on maintaining the oxidative balance.
Therefore, our results indicate that (i) the neuroprotective effect of green tea in stroke can be observed with a shorter period of tea administration (previously, this effect was observed with ischemic stroke, but only after 8 weeks of GT administration) (Schimidt et al., 2014) ; (ii) the neuroprotective effect of green tea can prevent the deficits in short-and long-term recognition memory induced by different types of stroke; and (iii) the neuroprotective effect of green tea can ameliorate the hippocampal oxidative stress induced by different types of stroke.
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